Research has been done within the South African information technology (IT) industry over the last decade with regard to project management maturity (PMM) and the impact it has on delivering information systems (IS) projects successfully. The research was done to determine whether IS PMM per knowledge area has improved over the last decade. It investigates if there is a correlation between maturity levels and project success. Four independent surveys over the last decade focused on IS PMM and the longitudinal analysis provides a benchmark for whether IS PMM has increased or not. This article focuses on whether certain knowledge areas are more of a problem within the IT industry and to determine what the overall IS PMM is. The longitudinal analysis indicates trends and highlights areas of concern. It indicates that most IT companies are still operating at level 3 and that risk and procurement management are the knowledge areas of concern. A comparative analysis indicates that there is no difference between South African and international maturity levels. The results provide a South African perspective of IS PMM. It highlights that risk management is still a knowledge area that is neglected and that emphasis must be placed on managing risk within IT projects.
INTRODUCTION
The origins of project management maturity (PMM) stem from the Capability Maturity Model Integration (CMMI) maturity model of Carnegie Mellon's Software Engineering Institute and are thus deeply rooted within the information systems (IS) discipline. If this is the case, then we must ask why is it that the maturity of IS projects is still significantly low and has not advanced over the last twenty years. IS-related projects within the South African sphere are still perceived as failures. Extensive research over the last decade has indicated that the project success rate has risen from 43% to 59% [1] . This 16% increase cannot be attributed to the actual improvement of IS project management, but more to the way in which success is measured [1] [2] . The purpose of this article is to determine whether mature IS project management processes can and will contribute to the overall IS project success rate.
Research on IS project success and maturity has focused more on IS project success and not necessarily on IS PMM. The problem that stems from previous research is that there are no in-depth analyses of IS PMM within the South African context and its relation to IS project success. That research scratched the surface of IS PMM and did not provide the necessary indepth analysis needed to improve the success rates of IS Email: Carl Marnewick cmarnewick@uj.ac.za
projects. An in-depth analysis of IS PMM's significance cannot be underestimated. An understanding of IS PMM contributes to the following: a. identification of maturity gaps within the IS PMM processes, b. the relation between IS PMM and IS project success, and c. possible competencies that might address IS PMM.
Research on PMM has come a long way. Various authors have researched PMM and covered a wide range of aspects ranging from the maturity of project management in different industries [3] to the impact of PMM on mega-construction programmes in China [4] . The claim was investigated that an organisation's PMM leads to competitive advantage [5] . Research was also done to benchmark PMM across various industries and sectors [6] [7] . Postgraduate students at universities across the globe also spend time analysing and researching PMM [8] . Despite all this international research, research in PMM seems to be neglected in the South African context. The last couple of years have seen the publication of a small amount of research [9] [10] . This research has provided PMM benchmarks in the engineering and construction industries as well as an African perspective of PMM across all industries.
This article addresses IS PMM within the South African context and focuses on the relationship between IS PMM and project success. No comparison has been made previously to international studies to determine whether the maturity of IS projects is worse off in South Africa than in the rest of the world. This research contributes to the overall IS PMM body of knowledge and specifically which project management knowledge areas must be addressed by organisations to ensure project success.
Quantitative analysis is used to measure the IS PMM within organisations. This quantitative analysis is done through a longitudinal study based on data collected since 2003 at periodical intervals. The data was collected through self-administered structured questionnaires.
The article comprises the following sections: the first section provides an overview of IS PMM within the context of organisational maturity. The second section focuses on the research methodology used and this is followed by an in-depth analysis of the results. Descriptive analysis as well as inferential analysis is used to shed some light on the results. The fourth section concludes the article with some insight on the relation between the project management knowledge areas and project success.
LITERATURE REVIEW
There is general consensus that PMM originated from the Software Engineering Institute's Capability Maturity Model [3] [7] [8] . From these beginnings in software development process maturity, various PMM models used to measure project maturity were developed by various organisations and researchers. Two of these organisations are the Project Management Institute [11] and the Office of Government Commerce [12] .
Against this backdrop of various models and research initiatives on PMM, the question that needs to be answered is: What is organisational maturity and how does it influence PMM and specifically IS PMM? Organisational maturity can be defined as "the extent to which an organisation has explicitly and consistently deployed processes that are documented, managed, measured, controlled and continually improved" [13] . The implication is that organisational maturity varies within an organisation itself as well as from organisation to organisation. Organisational maturity is phrased as "a state where the organisation is in such a perfect condition that it achieves all of its objectives" [14] . Organisational maturity itself also depends on processes and the maturity of these processes. The logical connection was made between PMM and the capability of project management for the organisation [8] . Well-defined, repeatable and predictable project management processes contribute to the maturity of project management capability [7] . Seven factors were identified contributing to project management capability [15] . Two of these seven factors are important for this research, i.e. a. the project management processes themselves, and b. IS which assists with the integration and dissemination of the outputs of all the projects studied [16] . The first factor, project management processes, is dealt with in PMM which refers to the progressive development of an enterprise-wide project management approach, methodology, strategy and decision-making process [14] . The project management processes are covered through the various PMM models. These models have become an essential tool to evaluate the maturity of the project management processes themselves. Various PMM models focus on measuring and improving the project management processes. One of the most used and referenced models is that of the PMI, i.e. the Organizational Project Management Maturity Model (OPM3). The focus of the OPM3 is to (i) assess the maturity of each process based on the current institutional knowledge and then to (ii) improve the maturity of the processes. The improvement is based on the capabilities that the organisation has and does not have. This is a continuous process where the organisation returns to assess and improve the project management processes.
The second factor is information systems, which play a role in the capability of the organisation. The maturity model mostly used in IS, is the Software Engineering Institute's Capability Maturity Model (CMM). The model involves five linear stages ranging from level 1, where the processes are ad hoc, to level 5, where the processes are optimised in an adaptive and sustained manner [13] .
The problem is that the CMM focuses on software engineering and not necessarily on IS. It can be deduced from the above that the successful implementation of IS must be done through mature project management as well as software engineering processes.
The obvious benefit is an improved project success rate for IS projects, but this alone should not be the only motivation to improve the maturity levels. Higher levels of PMM levels are associated with better cost and schedule performance [17] . This observation itself should encourage organisations to pursue higher levels of PMM. These results are confirmed by [18] , who conclude that the higher levels of maturity are associated with higher levels of software quality as well as better IS project performance. Although there is a positive side, one cannot overlook the cost and complexity involved in maturing from one level to another [19] . Organisations need to find the balance between the cost and complexity of maturing from one level to another versus the cost and schedule benefits of delivering IS projects.
The following research questions are posed based on the literature review: a. What is the overall maturity level of IS projects within the South African context? b. How do the South African IS PMM levels compare with international maturity levels? c. Is there a direct correlation between IS PMM levels and IS project success? These three research questions are answered through the research methodology used, as discussed in the next section.
RESEARCH METHODOLOGY
Research designs are concerned with turning the research question into a testing project [20] . The research design can be either quantitative or qualitative. Quantitative research refers to the systematic empirical investigation of quantitative properties and phenomena and their relationships [21] [22] . The objective of quantitative research is to develop and employ mathematical models, theories and hypotheses pertaining to the phenomenon and possible relationships. The process of measurement is central to quantitative research because it provides the fundamental connection between empirical observation and mathematical expression of quantitative relationships.
The aim of this research is to investigate the maturity levels of IS projects and the possible correlation between maturity levels and project success over a decade and therefore a quantitative approach is thus more appropriate.
The PM Solutions Project Management Maturity Model was used as a baseline to develop the structured questionnaire [7] . This model is based on a two-dimensional framework. The first dimension reflects the maturity level i.e. the maturity levels of the CMMI. The second dimension depicts the key project management knowledge areas. Each of these nine knowledge areas' processes was converted into structured questions. These questions were mapped against the SEI maturity levels, implying that each process was measured against the maturity levels. Table ? ? indicates the number of questions per knowledge area, resulting in a total of 62 questions for 2011 and 2013.
A structured questionnaire was used because it ensures that each respondent is presented with exactly the same questions in the same order. This ensures that answers can be reliably aggregated and that comparisons can be made with confidence between sample subgroups or between different survey periods. Data collection depends on how much data a researcher plans to collect to draw sufficiently trustworthy conclusions. A dualistic approach was taken to gather responses, namely a web-based survey as well as a manually distributed survey. Both these approaches used the structured questionnaire as a basis. The webbased survey was open to IS/IT project managers of Project Management South Africa (PMSA), whereas the targeted survey focused on specific IS/IT project managers. In the second approach hard copies of the structured questionnaire were used and specifically targeted project managers were asked to complete the questionnaires manually. Table 3 shows the number of respondents that completed the questionnaire successfully over the four survey periods. Reliability is concerned about whether a research instrument can be interpreted consistently across different situations, whereas validity measures how well the survey measures what it is supposed to measure [23] [24] . The following reliability checks were done on the structured questionnaires:
• Test-retest is relevant when a questionnaire is sampled with the same set of respondents at two different points in time [25] . In this longitudinal research, it was the fourth time the questionnaire was sampled and the results over the four sampling years were consistent.
• As scales were used in the questionnaire, internal consistency was very important to check. Internal consistency is a measure when assessing scales are used in the survey. Cronbach's alpha coefficient is a reflection of how well the different items complement one another in measuring the same variable [23] . Cronbach's alpha coefficient was calculated for each of the knowledge areas for each of the four years and is presented in Table 4 . Internal consistency levels of 0.7 or more are generally accepted as representing good reliability.
The results indicate that there is internal consistency throughout the longitudinal study.
The purpose of any questionnaire is that it measures what it intended to measure [26] . If a questionnaire does not measure what it is supposed to measure, then the conclusions and statistical analysis might also be invalid. Validity checks are available to verify that a questionnaire is suitable. The types of validity that can be used to assess a survey questionnaire are face, content, criterion and construct validity. The researcher opted for construct and content validity. Construct validity refers to the degree to which inferences can legitimately be made from the operationalisations in a study to the theoretical constructs on which those operationalisations were based. The questionnaire was constructed based on the IPM Solutions Project Management Maturity Model. This model, in turn, used the SEI's maturity model as well as the processes of the nine knowledge areas.
The results from this survey can be used with confidence as the reliability and validity of the questionnaire were proven through the reliability and validity tests.
ANALYSIS OF RESULTS
The results of the longitudinal analysis focus on two aspects, i.e. the maturity levels of IS projects over the period of study and the correlation between maturity levels and project success. The IS PMM investigates the overall maturity levels as well as the maturity levels per knowledge area.
Information systems project management maturity
The Table 5 provides more insight into mean, standard deviation and skewness of the results. The results are once again more or less the same for all the years, especially when the skewness is considered. The skewness explains the gradual improvement of the maturity levels.
One aspect that is not explained by the data is the high maturity level of 3.61 for 2007. This high level might be attributed to the low number of responses for 2007, i.e. only 220 versus the average of 830 for An in-depth analysis of the maturity of the nine knowledge areas highlights some interesting aspects. Fig. 2 shows the average maturity level for each of the nine knowledge areas for the four years that the research was done. The results indicate that for all practical purposes the maturity level for each of the knowledge areas is 3. The average across the knowledge areas is 3.18. The only knowledge area below the level of 3 is risk management (2.96) . This is in line with the findings of [6] where the maturity level of project risk management was also the lowest among all the knowledge areas, i.e. 2.75 for IS projects. Research undertaken by PricewaterhouseCoopers places general PMM at 2.5 [27] . If the results from 2007 are omitted, then a different picture is painted as per Table 6 .
If the results of 2007 are excluded, then the maturity level of three of the knowledge areas drops below 3, i.e. quality management (3.06 → 2.93), HR management (3.13 → 2.96) and risk management (2.96 → 2.82). The average maturity level also drops from 3.18 to 3.03. Fig. 3 depicts the average maturity level per year per knowledge area. The year-on-year comparison provides some interesting information.
If 2007 is excluded from the comparison, then it is clear that there is an improvement in the overall maturity per knowledge area. In most instances there was an improvement from 2003 to 2013. This, however, is not the case with quality and procurement management. Quality management improved from 2.87 to 3 and then dropped back to a maturity level of 2.97. It peaked in 2007 at a maturity level of 3.44. The data suggests that the maturity level of quality management strained to reach and go beyond the maturity level of 3.
Procurement management is the other knowledge A knowledge area of concern is risk management. Although there is a year-on-year improvement, excluding 2007, the overall maturity level is still below the level of 3. Even the maturity level of 3.38 in 2007 is lower than those of the other knowledge areas in the same year.
It seems from the data that the two knowledge areas of concern are quality management and risk management. The other seven knowledge areas show some improvement but the average per knowledge area is still around the maturity level of 3.
This section provided some insight into the maturity levels of the knowledge areas over a period of 10 years. It seems that there was no significant improvement from 2003 to 2013 in the average maturity level per knowledge area. The IS PMM in South Africa is on par with maturity levels in other international studies. The following section investigates the possible correlations between the maturity levels and project success.
Project management maturity correlation with project success
The first correlation is between the overall maturity level per year and project success. Table 7 presents the Pearson correlations.
The results in Table 7 indicate that there is a weak relationship between the two variables, i.e. PMM and project success. In the case of 2007, there is actually no correlation. Although these relationships are weak, they are significant since the significant levels are below 0.5. The results do not provide a conclusive answer to whether there is correlation between project success and the overall maturity levels of the organisation. [27] found in their studies that "a higher project management maturity level will in most cases deliver superior performance in terms of overall project delivery and business benefits".
The correlations were divided up into each knowledge area to determine whether the maturity level of one specific knowledge area had a strong, significant impact on the success of the project.
Project integration management (Table 8)
The first correlation to investigate was project integration management. It is clear from the results that there are weak, significant correlations between the maturity level of integration management and project success apart from 2007.
Project scope management (Table 9)
Scope management is perceived as part of the triple constraint which determines project success, but as in the case of integration management, there is a weak but significant correlation between scope management maturity levels and project success. Once again, 2007 does not have any correlation between scope management maturity levels and project success as per Table 9 . Project time management (Table 10) As with scope management, time management is perceived as part of the triple constraint. Table 10 highlights that there is a weak but significant correlation between time management maturity levels and project success. Once again, 2007 does not indicate any significant correlations. Project cost management (Table 11) Cost management, the last knowledge area of the triple constraint, provides the same results as time and scope management. The results are depicted in Table 11 . 
Project quality management (Table 12)
This is the first knowledge area where there is some deviation from the previous knowledge areas. 2003 Project HR management (Table 13) 2007 shows a quite peculiar correlation. The correlation (r=-0.004, n=191, p=0.962) is suddenly negative but the Pearson correlation indicates that this can be ignored. 2003, 2011 and 2013 show a weak but significant correlation between the maturity level of HR management and project success. Project communication management (Table 14) Communication has been found to be one of the factors contributing to project success [1] [2] . The results over the last 10 years challenge this finding. Only 2011 and 2013 provide a weak but significant correlation between the maturity level of communication management and project success. 
Project risk management (Table 15)
Given the fact that risk management is continuously ranked as the knowledge area with the lowest maturity level as per Figs. 2 and 4 , it comes as no surprise that only 2013 indicates some correlation between the maturity level of risk management and project success. This correlation is, however, weak (r=0.154, n=261, p=0). Project procurement management (Table 16) The last knowledge area, procurement management, shows the same tendency as quality management, i.e. only 2003 and 2013 show some correlation. Once again, the correlations are weak but significant as per Table 16 .
Given the fact that none of these correlations was indicated as strong and significant, exploratory factor analysis (EFA) was embarked on. The purpose of the EFA was to determine whether some of the processes within knowledge areas could be excluded. The rationale was that the omission of some processes would create a stronger correlation between the knowledge area and project success. The EFA suggested that seven knowledge areas across the four years could be subjected to further factor analysis. This means that only 19% of the 36 knowledge areas (7 knowledge areas over 4 years) were subjected to further factor analysis.
An eigenvalue of 0.7 was used instead of the normal value of 1. The rationale was that the value of 1 is too strict and that the results can sometimes be dramatic [28] .
A maximum likelihood factor analysis was conducted on each of the items for each of the knowledge areas for every year of the study with oblique rotation (Promax with Kaiser normalisation). Refer to Table 4 for the number of items per knowledge area per year. The Kaiser-Meyer-Olkin (KMO) measure verified the sampling adequacy for the analysis as per Table 17 . KMO values closer to 1 indicate that patterns of correlations are relatively compact and that factor analysis should yield distinct and reliable factors [23] . The values in Table 17 show that factor analysis should yield distinct and reliable factors.
An initial analysis was run to obtain eigenvalues for each factor in each of the four data sets. Of the 36 knowledge areas, only 7 knowledge areas had factors with eigenvalues higher than 0.7. It must be noted that the data from 2003 and 2011 did not provide any eigenvalues higher than 0.7. These results are displayed in Table 18 to 23.
Two factors were identified and cumulatively explained 78.51% of the variance. For each of the seven knowledge areas, the following process was followed:
a. The items for each factor were identified. b. Confirmatory factor analysis was once again run on the items which were part of the factors. c. The reliability for each of the factors was tested again using Cronbach's alpha. d. If the reliability was higher than 0.7, then a correlation was determined between the new items for each factor and project success. e. This new correlation was compared with the original correlations to determine whether the omission of certain items would strengthen the correlation between the specific knowledge area and project success.
The final results are displayed in Table 25 and show that there is no major difference between the correlations before and after factor analysis.
Given the results in Table 25 , it can be concluded that the original data and processes can be used as there is minimal change between the correlations and significance.
DISCUSSION
The longitudinal analysis over a decade of IS PMM levels reveals some interesting and peculiar results. The average of IS PMM levels per knowledge area reveals that project risk management is the only knowledge area below 3 (average = 2.96). The maturity levels of the other eight knowledge areas are between 3 and 3.5, revealing that there is not a vast difference between these maturity levels. If the results of 2007 are ignored, then there are three knowledge areas with maturity levels below 3, i.e. quality, HR and risk management.
The year-on-year analysis of the maturity level of each knowledge area highlights that there is an improvement in most instances. The results in Fig. 3 show that seven of the nine knowledge areas show an increase. This increase is only if the results of 2007 are ignored. The increases are insignificant, however, ranging from 0.07 (scope management) to 0.3 (communications management). Quality and procurement are the two knowledge areas where there is some fluctuation between the maturity levels over the period of study. Both these knowledge areas saw a drop in maturity levels in 2013 but these are still higher than in 2003.
Quality management is one of the knowledge areas forming part of the quadruple constraint and it is quite surprising that the average maturity level for it is below 3 (2.93 excluding 2007). South African IS project managers perceive the quadruple constraint as the factor that contributes the most to project success [1] . This discrepancy needs to be investigated further.
The correlations between the maturity levels of the various knowledge areas and project success reveal some interesting facts. There are no significant correlations for 2007 amongst any of the knowledge areas, be they positive or negative. This raises the question once again why there is a difference in the results of 2007. The correlations of 2003, 2011 and 2013 provide some insight. In most instances the correlations are weak but significant. The correlations indicate that for most of the knowledge areas there is at least one weak, significant correlation but also two to three weak, significant correlations. Fig. 4 is a graphical depiction of these weak, significant correlations. Over the last decade five knowledge areas have proved to have a positive weak but significant influence on IS project success, i.e. integration, scope, time, cost and HR management. Scope, time and cost management form the triple constraint and it is quite refreshing to confirm once again that these three knowledge areas are perceived to contribute to IS project success. If integration management is also included in the equation, then it can be deduced that the core knowledge areas contribute to project success, even though the correlations are weak but significant. Table 26 : Reflection between maturity level improvement and correlation improvement between the maturity level of the knowledge area and project success is increasing. Table 26 is a graphical presentation of this analysis. The same conclusion can also be drawn for communications management. There are weak, significant correlations between the maturity level and project success. This is for 2011 and 2013. As with quality and procurement management, once the maturity level increases, the correlation becomes stronger. The maturity level increased from 3 to 3.13 and the correlation increased from 0.087 to 0.158.
Risk management is the only knowledge area where only one of the four studies indicates a weak, significant correlation, i.e. 2013. No correlations could be found for 2003, 2007 and 2011. It must be noted that no analysis of the data was done to determine whether there is a correlation between risk management maturity levels and the number of projects that are failing. Fig. 4 highlights another important aspect. It appears that the respondents paid more attention to the core knowledge areas and that the facilitating knowledge areas were not perceived as that important. If the maturity levels of the facilitating knowledge areas are improved, then the overall success of IS projects will increase.
CONCLUSIONS
Organisational maturity and specifically project management maturity have come a long way. The purpose of maturity is to improve on the processes themselves and, through these improvements, ensure the success of the project and ultimately the organisation. The literature review reveals that there are various PMM models in place that can be used to improve the maturity of the project management processes. Although PMM emerged from software engineering, there is not an IS-specific maturity model. IS projects need to mature the same as any other type of project. Organisations need to employ other IS-specific frameworks and standards to address the IS component of projects. Control Objectives for Information and Related Technology (COBIT), the Capability Maturity Model Integration (CMMI) and the Information Technology Infrastructure Library (ITIL) come to mind. The literature highlights the benefit of maturing and suggests that the higher the maturity levels, the better the project success rate.
The results of the longitudinal study are not very comforting. Over a period of 10 years, maturity levels have not improved beyond 3, which indicates that processes are defined. There are also specific knowledge areas that are of concern such as risk management, which continues to be below the level of 3. On the other hand, the results of the study are in line with other international studies. These studies also show that the maturity levels of IS projects are around 3. An in-depth analysis of the data could not establish beyond reasonable doubt a strong significant correlation between maturity levels and project success. The results suggest that a higher maturity level enhances overall project performance. It must be noted that the projects were evaluated in isolation and not as part of an overall project portfolio. Evaluating the success of the overall portfolio might yield different results and other insight with regard to IS PMM.
It is nevertheless recommended that organisations embark on a journey of improving the IS PMM levels. Although the results are not strongly favourable, there is a suggestion that the success of IS projects can be attributed to the maturity of the various knowledge area processes. Special care and focus should be given to the core knowledge areas that do show some weak, significant correlations. Problem knowledge areas such as risk management also need some special attention to understand the processes and ways to improve the maturity levels of these knowledge areas.
This research highlights that although there are various research and official project management maturity models in place, the overall PMM levels are not improving. This is the case internationally as well as locally in South Africa. The reason for this phenomenon needs to be unearthed and this will form part of future research. Future research will also investigate the correlations of PMM on failed and challenged projects. It might be of interest to investigate whether PMM levels have an influence on minimising project failure. In other words, maturity levels might not ensure project success but may minimise project failure.
Given all the maturity models and research into PMM and specifically IS PMM, the question still stands: to mature or not to mature?
